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ByRichardC.DingeldeinandRaymondF. Schaefer

*

As partofthegeneralhelicopterreseerchprogramheir@“under-..~_..
takenby theNationalAdvisoryCommitteeforAeronautic~~% provid6
designerswithfundamentalrotorinfcmmation,thefor-wird-fli@t
performancecharacteristicsofa typicalsingle-ro_Whelicopter,-
whichis equippedwithmainandtailt-otorajhav-~beeninvestigated
intheLangleyfull-scaletunnel.Thetestco&tione included
operationat tip-speed.ratiosfrom0.10to Q127andat thrustcoef-
ficientsfrcmO.0030to0.0060.Resultsobtiinedwiththeproduc-
tionrotorwereccmparedwiththoseforan alternatesetofblades
havingcloserribspacinganda smootherandmoreaccuratelycor.t-
touredsurfaceinorderto evaluatq.theperformancegainsthatare
availableby theuse of rot~ bladeshavingan improvedsurface
condition.

Thedatahavebeenreducedin termsofthemain-rotordra~- -
liftratiosandareyresentadW a seriesof chartswhichfacilitate
makinga rapidestimationofrotorforward-flightperformance-The
chartsmaybe useddirectlyforrotorsthathavephysicalcharacter-
isticssimilartoeitherofthetwotestrotor~.Theresultsmay
be usedforrotorsofdifferentsolidifiesby applyinga correction
to thepowerdrag-liftratiosusedinthecharts,anda chartto
facilitatethis’correctionis included.

Thewind-tunnelresultsareshowntobe infairagreamentwith .
theresultsofbothflightteatsandtheoreticalpredictions.The
dataindicatethatlargesavingsinthepowerrequiredforflight
at anythrustcoefficientresultfromthouseofthesmoothblades.
Additionalsmallersavingsarealsoshowntoresultfromoperation
at lowerrotationalspeeds.

INTROE?JCXPION

As partofa generalfnvestigaticmto obtainrotorcharacter-
isticsforusebyhelicopterdesi~ors,theforward-flightcharac-
teristicsofa typicalhelicopter,tiichlmsa singlelargemain
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rotoranda smalltorque-compensqtln$tafl.rotor,
gatedintheLangleyfull-scaletunr.el.Included
aatlonwastheevaluationoftheresultantforces

l?ACA!t?N~Ocx289

havebeeninvestl-
intheinvestl-
on thecomplete

~elicopterandthepowerInput-tothemainrot.w”overL rangeof
thrustcoefficients,anglesofattack,andtip-speedratios-D@n8
a preliminaryinvestigationof thestatic-thrustcharacteristics
of sixsetsofrotors(reference1),theincreasedperformancedue
to improvedsurfaceconditionwasindicatedtobe greaterthanany
increaseproducedby camberortwist,It wa=decided,therefare,
to alsoinvestigatetheeffectof surfaceconditionon theforward-
flightperformanceofthehelicopter.Thisphaseoftheinvostl-
gationwasconductedwiththepoductionrotoranda setofsmooth
bladesusedinthestatic-thrustteets~Inadditionto obtainine
rotor-performanceinformation,theforward-flightinvestigation
servedalsoto indicatethefeasibilityof testingthissizeand
typeofaircraftintheLangleyfull-scaletunnelby affordinga
comparisonwiththeresultso&concurrentflighttests.Theforce-
testdataweraalsocomparedwiththeresultsof calculationsmade
fromexistingtheory,
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geometricangleofattacksetintunnel;acutean@e
betweenthecenterlineof tunnelanda phne perpen-
dicularto therotorshaft,ne~tivewhentiltis
forward

helicopterangleofattack:ecutsanglebatweendirection
ofairflowanda planeperpendiculartotherotor
shaft,negativewhentiltisforward

meanbladepitchangleat0.75R,degrees
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P/t

(D/L)u

(D/L)r

●

powerdrag-liftratio,ratiotorotorliftofdragequiva-
lentof’main-rotor-shaftpowerabeorbe&at givenair-

Q$2
speed

()E

useful.drag-liftrat~o,ratioofrotorthrustalongflt~t .
pathtorctorlift

rotordrag-liftratio,equaltothesumoftherotor
induceddrag-liftratioandtherotorprcfiledrag-lift
ratio

DESCRIPTIONOFAIRCRAFTSXTUf+

A photographofthehelicoptermounte~ontheLan@eyfuU-
scaletunnelbalancesupportsis showninfigure1. Generalchar-
acteristicsandpertinentdimensionsoftheaircraftaregivenin
thethree-viewdrawingoffigure2. Additionalinformationcon-
cerningtheaircraftcanbe fouridinreference2.

Inasmuchas itwasnecessaryto keepthehelicoptertrimmedin
theflightconditionsimulated,a direct-reading,six-camponcnt,
auxiltarystrain-gagebalancewasdesi~edforthetzsts.Modificat-
ions weremadeto tneaircrafttopermitIteattachmentt.othe
strain-gagebeamsat eachsupportpoint,Twostreamlinedsteel
braceswereInstalledbetweenthereartunuelsupportheadandthe
twoforwardsupportstoreducelongitudinalstressesinthufuselage
structure.

RotorsTestad

Photographsandgeneraldimensionscf thetestrotorblades,
whicharereferredtoae the.productimbladesandthesmoothblades,
arepresmtedinfigure3. Theproductionbladeshavea radiusof
19feetmeasuredfromthecentercfrotation,a totalarea(three
blades)of65.4 squarefact,anda solidityof0.060.Thubladas
aretaperedinplenform,areuntwisted,andhav:janNACA0012air-
foilsection.Theforward35percentof tinechordiscontcured
withsprucefairingstrips.A wirec6blefcrmsthetrailingedge
andtheentirebladeiscoveredwithfabrichavinga standard
sprayeddopefinish.Thesmoothb163esaroidenticalto thepro-
ductionbladesinpitchdistribution,airfoilsection,planform,
andsolidity,buthavetwice.ssmanyribsoutboardofthe44-percerit
radius.Inaddition,thoforwards~-percentofth~chordoutboard

—

*

I
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oftheO.@R stationwasaccuratelyfilledto contourandgivena
smoothfinish,andthebladeswerepolishedwithwaxpriortothe
tests.

.
Instrumentation “

Thenecessaryinstruments,enginecontrols,andflightcon-
trolswereoperatedfromthetesthouseat therearofthebalance
house.(Seefig.1.) Electricactuatorswereusedto controlthe
cyclicfeatheringandtail-rotorpitch,anda hydraulicactuator
operatedthepitchofthemainrotor.NACAccntrol-positionindi-
catorsWsreattachedtothelinkagestashowthecontrolsettings.

-.

Themain-rotorpitchwascalibratedwitha protractorfastenedto
onerotorbladeat thelh.25-featradius(0.75R)withthefeathering
setto zero.

In orderto obtainmareaccuratemeanblade-pitchanglesthan
COUldbe determinedby~asm-ingthepositionof thecontrol
linkages,a photographicsystem-wasused.A BgllandHowellEyemo
motor-driven35-millimetermotion-picturecamerawasmountedon
thecrownhousingaimingspanwisealongoneblade.Grain-of-wheat

-.

lampswerelocatedontheuppersurfaceof thisbladenearthe
leadingandtrailing @ges aij the 0.&5R, o.75R,ando.95Rstat-ions.

● Lightscmonetest-chamberwall,whichwerephoto~aphedonceduring
eachrevolution,madeitpossibleto determinetheazimuthanglefor
eachfilmframe. —

m

Theshaft-powerinputtothemainrotorandto thetailrotor
wasobtainedby strain-gagetorquemetersmountedbelowthemain-
rotorthrustbearingandJustforwardofthetail-rotorgearbox,

\ respectively.

TES133

Forcemeasurementswerefirstmadeto determinetheaero-
dynamiccharacteristicsof thefuselagoforthefollowingthree—

●

✎
✌

configurations:

Coru?iguraticx31:
installed,anddoors,
figurationisdemoted

Configuration2:
cabinventswerewide

Mainandtailrotorsremovsd,durmywheels
Windows,andcabinventsclosed.Thiscon-
as thebasiocond.itf.on.

Sameas configuration1,exceptwindowsand
open.
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and
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Configuration3: Sameas configuration1,but-withtheBell
Howell35-ruillimeterumtian-picturecameramountedonthecrown

m

housing.Theenginewasidleda~ 1200rpmforthiscondition,to
averagethecamerataresatdifferent-azimuthangles.

Datawareobtainedforthethreeconfigurationsatrotor-shaft
anglesofattackrangingfromll.~”to -15.5° fortunnelairspee~s
from30to @ milesperhour.Forcesweremeasuredduringthese
teets’withthestandardtunnelbalancesystem..In addition,wool .
tuftsweremountedeveryeixinchesinstaggeredrow~ontheunder
sideofthefueelagefromthenosetothetailsupporti;andthe
tuftbehaviorwasobservedoverthesamerangeofan@es ofattack
at-atunnel.airspeedof62milesperhour.

Thetestswiththemainand.thetailrotorsinstalledwere
madeatanglesofattack(referredto tunnelaxes)frcm~.~”to -5.60
for tunnelairspeedsfromapproximately30to & milesperhourfor
thesmoothblades.Lessdatawom obtainedfontheproduction,
blades,whichwere expectedto-showInferiorforward-fl@htper-
formancewithreBardto thepowerrequired.Foreachruntheblade-
pitchsettingwasvariedfr~ 4’3toL2°. T& sideforceand.the
rollingjthe~i_t_ching,andtheygwingq@ment-&”mere set to zcro”ae

.

indicatedby thestrain--~gelqlance.,&i al%xnptton.aintaln”the
-.

cruisingpowerccnditionatan enginespeedof2100r@ (rnatn-rctcm
speedof225rpm)restitedinexcessivelongitudinalvibrationat s
tunr,elairspeedsabove30milcaperhour”.Therefore,successive
reductionsinenginespeedto2000,1$00;afidl@O rpm(main-rotor
speedof.212,203,and193r~, respectivdy)werenecessaryae 0 “—

theai,rspeedwasincreased.In ordertoreducevibrationfurther,
therigidityofthesupportingstructurewasina~asedby cMmlnating
thestandardtunnelbalanceeystem,”makingitnecessaryto obtain ““
allforcedatafromtheamiliarystiain-~gobalances. “.

Duringeachrecordtigofdata,themotion-picturecamerawas
operatedfortwosecondsata speedofapproximately48frnmes
persecond.

Theaxesaboutwhichthemomentswaretrimmedintersectedat
a pointonthecenterlineoftherotorshaft56.52inchesbelowthe
planeoftheflapyinghinges.‘Thispointfalls”withinthecentwr- --
of-gravityrangecorrespondingtonorml loading.

Thovariationof
coefficientswiththe

RESULTSANDDISCUSSION .

Fuselage ..-
.

thelift,thebag, andthepitching-moment
angleOZattackforthethreeconfirmations

at a tunnelairspeedof 62filesperhouris presenw in fi~e 4,
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Openingthecabinventsandwindowsproduceda smallincrease
inpitching-momentcoefficient,littlechangeinliftcoefficient,
andhadalmostno effectonthefuselage-dragcoefficientfor
forward-flightattitudes.Theadditionofthemotion-picture
camerato thebasicconfigurationproducedan evensmallerincrease
inpitching-momentcoefficient,a slightdecreaseinliftcoeffic-
ient,andan increaee.inthedragcoefficientofan averageof
4 percentovertheentireangla-of-attackrange.Thevariation
ofpitching-momentcoefficientwithangleof’attackwaseither
neutralorunstableforall.threeconfigurationsthroughoutthe
angle-of-attackrange.. a

Thehorsepowerrequired.to overcomethefuselagedragat dff-
ferentairspeed8forthebasicconditionisgiveninfigime5. The -
valuesatairspeedsbelow30milesperhouywereobtainedby extra-
polation~naareindicatedby a brokenline,Thefuselageangles
ofattackforwhichthepowerwsscalculatedwm?eobtainedfrom
datainreference2. At anairsyeed,of ~ milesperhour,68 horse-
poweroralmost38percentoftheratedyowerofthishelicopter
isrequiredto overcomethefuselagedrag.Forthehigh-speed
attitudeof10°theequivalentparasite-dragar6abasedona coef-
ficientofunityis21 squarefeet.Themifimumtiagcoefficient
referredtothepro~ectedfrcntalareaofthefuselageisapproxi--

●
mately~ timesthatofa conventionalairplanefuselage.

Theobservationsofthetuftsontheundersideofthefuselage“
foranglesofattackfromll.~”to -15.’5°areshownfnfigure6.
Therepresentationofdisturbedflowshowsapproximatelythenmgni-
tudeofthetuftmotion,Separatedflow,indicativeoflargedrag
10SSQS,waspresentbehindtheconstant-widthsectionofthefusela~
at all negativeanglesofattack.Thieresultisinagreementwith
therapidincreaseindragcoefficientobserved.fromthe=forcedata.
(Seefig.4.)

RotorCharacteristics

Inasmuchas itisdesirabletopresenttheresultsinterms
of thecharacteristicsofthemainrotoraloneinorderthatthey
mightbemorereadilyatiptsdto generaluse,thefuselage,the
rotorhub,andthetailrotorhavebeenina senseconsidered,&a
euPPortsforthemainrotor.‘Thedatahaveaccordinglybeenredticed
by thefollowingprocedure:Thehelicopterangleofattackandthe
liftandthedragcoefficientsusedinthecalculationswerecor-
rectedforthejet-boundaryeffectby usingtheusualtunnelcor-‘
rectionfora winghavingthesameareaandliftas therotor&sk.
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A plotofthisJet-boundarycorrection% a functionofrotor lift,- . -
coefficient is shownin figure“(.A streamanglecorrectionof -o ●50 .
wssalsoappliedtothedata.Tberotm drag-liftratioswere
evaluatedfromthefollowingrelationshipgivenin referance3: :

where

P
:

r)E o

()
D
ii

0
D
i
P

()
D
EC

:=(;) +&\*g) +(;)
o P c.

powez’drag-liftratiojratiotorotr~’liftofdrasequi-
valentofmein-rotor-shaftpowerabsorbedat givenair-
speed (~QfiLJ

rotorprofiledrag-liftratio

rotorinduceddrag-liftratio
d.

yarasltedrag-liftratio

ratiotorotorM.ftofforcealongfli:’~tpathavailable
forhorizontalaccelerationor climb

Previousexperiencehasshownitccmvenienttoregrcupthe
termsoftheforegoingequationto givetherelationship”

where

D
()

rotordrag-liftratfG
ir ((!~:~~)

(2)

_-
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. ()D usefuldrag-liftratio,ratiooftotalrotor
z

u ~’:g’:’g:”g’i:~) .(:L

u P c Pf P~

andsubscripts

Pf parasitedrag

Pt parasitedrag

b dragmeasured

In equation(2),

of fuselage

!3

thrustalong

of tail rotor

by wind-tunrmlbalance

P/L end (D/L)uwerereadilyobtainedfrom

,,-.. . .

readingsofthetorquemeterandtheauxfilary&train-gagebalance
—

duringtestscfthecompletehelicopterandfromtheresultsofthe
fuselageforcetestspreviouslydiscussed.Therotorliftusedin
eachtermofthisequatianhasbeencorrectedfcrtheeetimeted
downwardloadonthefuselagedue to theinducedflowthrou~the
rotor.Thiscorrecticm wasobtainedby assumingthefuselageatki-
tudetobe theaerodynamicangleofattackminustheinduceddown-
washangleat therotcr,%iichwastakenas57.3C~/4degrees.
Inasmuchasthecamerawasmountedonthehelicopterthroughout
thetests,thefuselagetaresobtainedforconfiguration3 Wre
usedinreducingthedata. .

-1

Itwasnecessarytoresortto thetheoryofreference4 to
estimatetheparasitedragofthetailrotor.Thisestimatewas
madeby determiningthetheoreticalvalueof themeaneection - —-..

profile-dragcoefficient,whichcorrespondedtotheshaft-power
—

inputobtainedfrcmthetail-rotortorque-meterresting.From
thisprofile-dragcoefficientandthevalueofthetail-rotarlift
obtainedfromthemeasuredmain-rotor-shafttorqueinputandheli-
copteryawingmoments!theparasitedrag-liftratioof the~ail
rotorwascalculated.Theequivalentparasite-dragareaofthe - .,
tailrotorbasedona coefficientofunitywasoftheorderof-one

. squarefootforalltestconditions.

Themeanblade-pitchangleof themainrotorat the0.75Rsta-
. tion, f3,lmsobtainedfromthecamerarecords.Whenrecordsw-re

notavailable,thavalueof e wasdeterminedfrcmthereadingof
theindicatorattachedtothepitch-controllinkageandfroma

. calibrationcurveofthisindicatedpitchangle@ottedagainstthe
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meanpitchangletakenfromthecamerarecords.The8CCUraCy
whichthemeanpitchm@e couldbe foundwasabout*0.25°.

1289

with

ThefinalplotspresentingthereBultsof theforward-flight
Investimti.onwerederl.vedas follows:

(1)Valuesof I?/L,(D/L)u,CLW, and as wereplotted,.
againsttip-speedratio 1A forthevaluesofmeanpitchanglee
at whichthetestsweremade. ThesecwweewerepreparedPm each
tunnelangleofattack~. A fairedplotofthedataobtainedat
a tunnelangleofattackof”-5,6° is shownasa sampleinfigure8.
It shouldbe nctedthattheccrrectcdangleofattack,cz$,differs
from ~ by thema@itudoofthejetboundnryandstrmm-angle
corrections,Thesymbolcx~def’inostheattit-qdeoftherotor
shaftwithrespect”tothefree-stream direction,blllrdoesnot
representtheforwaril.tiltoftheaxisofzerofeathering,which
di.fftirsfrom m~ by thelcngittiinalfeatheringrequiredf’wtrim.

(2)cross
(D/L)u/ QLr>
valuesof pm
figure9. The

plotsofthe”curvesinitem1 were madeinwhich P/L,
and c%~wereplotted.aGaiast19 i’ora range of
A samplecr@asplotat ~.-5,6° is ehownin
curvesdrawnin

thecroes-ylot%dpointstbken
arenotfairedagain,.

(3)At evenvalues of ~,
werenextplot~dagaimt ccs

.

.

thesefig-weepassthrougheacho~ ■

fromthedataplottudin step 1 and
.

theterms I?/L,(D/L)u,and CLr ,

fora rangeof valuesof V. These
plotseliminated~ as a variable,A samplecrossplotmadefor
a pitchangleof 8°isprassntedinfigure10. As intheprevious
step,thecurvespassth.ro@eachofthecross-ptittedpoints,

(4)Finally,%, and (D/L)uWereplotteda&@inetP/L for
conditionsofconstantmwm bladepitchangleandforconditions ,
of constantrotor-shafttilt(fig.11). Plotsweremadeforeach
tip-speedratio.In thiefinalstepanyEU@l wav-hwwein the
curveewasfairedout. Theliftcoefficients+orres~ondingto
valuesofrotorthrustcoefficientof0.0030,0.0040,0.0050,
and0.0060werethencalculatedforeachchartfromtherd.ation-
ship

2%
(!L= —-coe3+

@

f
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“

witha valueofunity.aesumedfor.theterm COa3CL~.Thelinesof

constant-thrustcoefficientwerethendrawnontheploteof ~
aga~nstP/L and.of (LJ/L)uagainstP/L to theextentofthe

data.Althoughexcessivevibrationnecessitatedprogressive
reductionsintherotozzspeedas thetunnelairspeedwasincreas6”d,
thedataobtainedat thedifferentrotorspeedsarein goodagree-
ment. Sufficientoverlappingoftestdataispresentto indicate
thatanyeffectsdueto operatingtherotorat differantepeedsare
withintheexperimentalaccuracy.

Chartsofthisformerepresentetforthesmoothbladesin
figure11fortip-speedr~ti.osfYomO.10to0.27. Similarcharts
preparedfromthedataobtai.tiedfortheproductionbladesaregiven
infigure12fortip-speedratiosf&emO.17to0.22.Thelinesof
constantmeanblade-pitchengle-androtor-shaft-angleofattack
havebeenomitted.fromthelowerpartofthechartsforclarity.

Thesedata,whichwereobtainedona rotorof0.06solidity,
mayconvenientlybe appliedto thestudyofrotorsofother
solidifiesbymakinga correctionto thepowerdrag-liftratios.
Thiscorrectionrepresentsthecalculated-chsngainrotorinduced
drag-liftratiocaused-bya chatigein.eolidityata fixed.blade -

(%/ )loading u .From-thesimplifyingassumption(reference4)
thattherotorinduc6d&rag-llftratioisequivalentto CLr~4,
thecorrectionstobe appliedto thevaluesofpowerdrafl-lift
ratioobtainedfrczathechadtsoffigures11 and12havebeen
calculatedforsolidifiesof’0.03and0.09. Thecorrectionsare
presentedin figure13asa functionoftip-speedratioforvalues
of ~~u ofO.0~and0.10. A linearin%rpolationmaybe used
in Obtatiingthecorrectionsforothervaluesof c end ~~cr.
As thesimplifiedmethodof computingtherotorinduceddrag-lift
ratiosisaccurateonlyfora tip-speed,lgatioofO.1~orhigher,
thecorrectionsarenotincludedforthelokr tip-speedratios.

Thepowerrequiredfora helicopterinstea&yflight overa
rangeofthrustcoefficientsandtip-speedratiosandeqtipped
witheitherof thetworotorstest6dcanbe easilydeterminedfrom
thecharts,providedthatthefuselagecharacteristicsfordif-
ferentairepedsarelmownor canbe estimated.Frcmthecharts
justpresented,thofuselaggdatafgrthebasicconfi~a~i~
(fig.4) correctedfortineeffectof therotor-inducedVelocities, ‘-
togetherwiththevariationofthehelicopterangleofattnckWth
airspeedfrcmthedataofreference2, andtheonesquare-foot
parasite-drag-areaofthetailrotorpreviouslydetermined,the
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horsepowerrequtiedforthehelicopterinunecceleratedhorizontal
flightatdifferentairspeedswascomputed.Thecalculationswere
madeatthrustcoefficientsof0.0050atid0.0060fm?thehelicopter
havingthesmoothbladesandat a thrustrcoefficient~f0.0060for
thesamehelicopterhavingthe~roductionblades.At a fewtip-
speedratiosa mall extrapolationofthelinesof constantthrust
coefficientshowninfigures11and12wasmade.Theresultsare
showninfigure14. As flightdataobtainedata grossweight~f
2563poundsanda densityratioofO.~& wereavailablefromrefer-
ence2 fortheproductionblades,allcalculationswerebasedon
thisweightanddensitytopermita c~arison of thetunnelresults
withthoseoftheflighttes,ts.Theflight-te~tdatafor ~= 0.0060
areIncludedinfigure14.

Thelargeperformancegafnsthatcanbe obtiinedfromrotor
bladeswhichhavelessprofiledragbecauseof an iiq?rovedsurface
conditionareclearlyshownby thg reeults of the tmu~al tests.
Overtherangeofairspeeds-forwhichthedatafor thetwo.rdsors
overlap,ata thrustcoefficient–of0,0060,thesmooth.blades
requirean averageof14horsepowerlossthantheproductionblades.
Thisreductionrepresentsan averagepowersavingofapproximately
13percent.Theseresultsindicatethattheabsenceorpresence
ofa satisfactorybladesurfaceconditioncouldmeanthadiff6ren&
betweenunacceptableandacceptableforward-flight~erf@mance.
Thestitic-thruetresultsof-reference1 andtheresultsshownin
figure9, as wellas thetheoreticalcalculationspresentedin
reference7,provethqtverysubstantialpowersavingscanbe
obtainedInallphasesofp~.]weredflightby–usingrot@r blades
havinga smoothandaccuratelycontouredsurfacethatwillnot
deformduringflight.

Thedataforthesmoothbladesalsoindicatethatadditional
powersavingsareavailableata givenairspeedby fl@ng at lower
rotorsFeedswhichcorrespondtohigherthrustco.efflcient~.An
averageof 3.5percentle s horsepcws

1 1

isrequiredforflightat ““
a rotorspeedof200rpm ~ = 0.0060thanat219rpm(@ . O.00~).
Thissavingmaybe attributedto thehrgerprofilelift-drag
rEit30S resulting fr~ the higher “blad~ se”ct”ion”a”ng”~sof ,g~tack
presentat lowerrotorspeeds.However,theextenttowhichthe
rotorspeedcanbe reducedwillbe lifitedbybladestalling.

Figure111showsthatthelimitedamountofdataobtainedwith
theproductionbladesis ingoodagreamentwithrasulte offlight
testsmadewitha similarrotor.

In ordertodeterminehowcloselytheresultscouldhavebeen
predictedby theory,a comparisonwasmadebetweenthefull-scale-
tunneldataandcalculationsbasedonthechartsofreference3

.

b

m

—
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forthehelicopterflyingwiththesmooth%ladesinlevel
flight.Figure15presentsa comyrisonof theforward-flight
performmceof thehelicopterequippedwiththesmoothhades as
determinedfromthetunnelresultsandas calculated.by thecharts
ofreference3. Thefigvregivesthehorsepowerrequiredforlevel
fli@t at krust coefficientsofO,OC~ and.0,0060and”showstair
agreementbetweenthetwomethods.

comtJJFIoNs

Theresultsof tietiveatitia%ionofa typicalsingle-rotor
helicopterinsimulatedforward-flightconditionsintheLan@ey
full-scaletunnelarcasfollows:

1. A smoother,moreaccuratelyandpermanentlycontouredrotor
thanthsproductionrotorwillyermitthehelicoptertoflyata
substantialreductioninthegowez”requiredat anythrustcoeffi-
cientbecauseoflower~roftlo-dzzaglosses.~-ta ~~st coeffi-
cientofO.0060thesmooth-surfacedrotorrequiredan averageof
13percent10s3powerfortli@t ovorther-e ofairspe9dsfrom ‘- ‘-
44 to60mfiesperhourthendidtheproductionrotor.‘me presence
or lackofa smoothrotor-bladosurfaceconditioncancormtitutw
thedifferencebetweenacceptableorUnaccep-blehelicopterper-
formance. --—,

2. A.dditiaalbutsmallerpowersavin@’wererealizedin
oyeratimathigherthrustcoefficients..Anavera~eof 3.5~rcent”
lesshorseyowarwasrequiredinflightata ro~r speedof200rpm
(t~~t coefficient,O.0060)tkanat219rpm (thrustcoefficient,
o.Oow)●

3Dme r=tits of thewind-tunnelInvestigationareshcx??to
be infaira~eementwithremil.tsoffli@t testsandwiththe
predictionsmadefrom‘&eexist~ theory.

LangleyMemorialAeronauticalL.a%oratory
NationalAdvisoryCkmmitteeforAeronautics

LangleyField,Vs.,Felruary18,1947
,_



14 NK!ATNNO.1289

REFERENCES

.

.

1.Dingeldein,RichardC,,andSchaeferYRa~mondF.: StatlcWhr~~t
‘TestsofSixRotor-BladeDesignsona Helicopterinthe
LangleyFull-ScaleTunnel.NACA”ARRNo.L5F25b,1945.

2. (lustafson, F. B,: Flighttestsof-the6ikorskyHNS-1(ArmyYR-4B)
Helicopter.I - Experimental”DataonLevel-FlightPerformance
withOriginalRotorBlades.NACAltKNo,L~CIO,1~1+5.

3. Bailey,F. J.Jr.,andGustafscn,F,B.: ChartsforEstimation
oftheCharacteristicsof-aHelicopterRotorinForwardFllght:
I- l?rofileDrag-LiftRatioforUntwistedRectangularBlades.
NACAACRNo.LJE07,1944.

4.Bailey,F. J. Jr.: A SimplifiedTheoreticalMethodofDetermining
theCharacteristicsofa LiftingRotorinl?orwardFli.@it.
NACARep.No.716,1941.

5.Gustafeon,F. B.: Effect”-tiHelicopterPerformanceofModifica-
tionsinProfile-DragCharac+eristtcsofRotor-BladeAirfoil
Sections.NACAACRNo.L4H05,1944.

.-

.

s“

t

.

E



1 *
● s

Figure1.- HelicoptermountedfortestsintheLangleyfull-scslehnnel.
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Wdn rotor:
Radius, ft . . . . . . . . . . . . . .
BI.@e area (S blades), sq ft . . . . . 655
Diakarea, eqft . . . . . ..e . ..lI.M. L
Solidity . . . . . . . . . . ..e. .O. O6O
Ratle of mtatlonal Bpw41 to en@ne

speed . . . . . . . . . . . . . . . . 0.107
Tell rotor:

FIadlue, ft . . . . . . . . . . . . . . 3.96
Made area (3 blades), aq ft . . . . . k 92
Diekerea, sift, . . . . . . . . . . 49.2
Ratio of rotational r3peeQto englo,e

speed . . . . . . . . . . . . . . . 0.567

Oenter line of main rotor to oenter
llne of tail rotor, ft . . . . . . , . 25.19

Parasite-drag area, sq ft . . . . . . , 22.92

RetedhereepoEer, . . . . . . . ..”.. 1~

L-- Wo’--d

i

r
8’+0’
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Figure 2.. three-view ckwiog and pertinent dlmeneione of the helicopter.
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Smoothblade
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Productionblade

I ,

Figure3.- Rotorbladestested.Lowersurfsceshown.(Alldimensions
givenininches.)
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Figure 7’.- Jet- boundar~correction applied to angle of attack
setin wind tunneL
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